Introduction {#jve2-sec-0005}
============

Achieving an undetectable viral load (VL) at the time of delivery is a crucial goal of antiretroviral treatment (ART) during pregnancy in order to minimise the risk of mother-to-child transmission (MTCT) of HIV [@jve2-bib-0001]. In the past, approximately one-third of HIV-positive pregnant women in the Netherlands started highly active antiretroviral treatment (HAART) during pregnancy because they either did not have a treatment indication prior to the pregnancy, or because the infection was newly diagnosed during pregnancy [@jve2-bib-0003]. Current Dutch treatment guidelines largely follow DHHS recommendations, with one exception being the recommended time for starting HAART during pregnancy. In the absence of an immunological indication for ART in the mother (i.e. CD4 cell count \>350 cells/mm^3^), older Dutch guidelines recommended initiation of ART at 20--24 weeks' gestation because of concerns regarding the teratogenicity of some antiretroviral agents and an increased frequency of nausea and vomiting early in pregnancy, which may compromise adequate treatment with the risk of development of resistance. The recommended time for HAART initiation has in recent years changed to 16--20 weeks' gestation in asymptomatic women with a VL \<10,000 HIV-1 copies/mL [@jve2-bib-0004]. In contrast, the most recent DHHS guidelines recommend starting ART in pregnancy as soon as the HIV diagnosis has been established, although it is mentioned that this decision can be influenced by the CD4 T cell count and plasma HIV RNA levels. No further details are given concerning the CD4 T cell count or HIV RNA level at which it would be safe to postpone therapy. Regardless of the VL and CD4 T cell count, it is recommended to always start treatment before the beginning of the second trimester of pregnancy [@jve2-bib-0005].

In this analysis, we have aimed to identify factors associated with the time to achieve an undetectable VL in pregnant women starting ART during pregnancy. Predicting which subgroup of patients might have a faster VL decline could help in the decision about the timing of treatment initiation.

Materials and methods {#jve2-sec-0006}
=====================

Study cohort {#jve2-sec-0007}
------------

Pregnant women over 18 years of age, who had no prior treatment with antiretroviral medication and who started HAART during pregnancy in the Dutch hospitals participating in the ATHENA observational cohort between 1998 and 2013, were included in this analysis. ATHENA is a national observational cohort that has collected data from all HIV-infected patients in clinical care in the Netherlands since 1996. Clinical, biological and immunological data for these patients were collected at entry and at each follow-up visit. The design of this cohort has been described previously [@jve2-bib-0007]. As already mentioned, the Dutch guideline recommendations about the time of initiation of HAART have changed during the study period from 20--24 weeks to 16--20 weeks of gestation in patients with low VL. Furthermore, the recommended HAART regimen switched from nelfinavir to ritonavir-boosted lopinavir in 2007 due to the recall of nelfinavir, based on contamination concerns. At HAART initiation, plasma HIV VL had to be \>50 copies/mL and at least two VL measurements during pregnancy had to be available after treatment initiation, unless an undetectable VL was reached at the time of the first measurement after the start of HAART. Plasma VL was quantified using assays with a lower detection limit of 50 copies/mL. Baseline VL was defined as the last known VL before HAART initiation. The last VL quantification, during pregnancy, was usually completed within 4 weeks prior to the expected date of delivery. Baseline HIV RNA VL was grouped into two categories: \<10,000 or ≥10,000 copies/mL. This cut-off was based on a prior pilot study (data unpublished) and the results of another study [@jve2-bib-0008]. Baseline CD4 T cell count was classified as ≥350 or \<350 cells/mm^3^.

Statistical analysis {#jve2-sec-0008}
--------------------

The R programming language version 3.1.0 was used for statistical analyses. Kaplan--Meier plots were used to explore associations between the maternal characteristics mentioned above and the time to a VL of \<50 copies/mL after HAART initiation. Women who did not achieve full VL suppression were right censored at the date of delivery. Student\'s *t*-test was used to test for significant difference between the mean log~10~baseline VLs of different categories. In the subset of women achieving viral suppression during pregnancy, a univariate Cox regression analysis was used to test for significant differences in time to undetectable VL between categories of baseline VL, baseline CD4 T cell count, year of delivery, antiretroviral regimen, maternal region of birth and gestational age at HAART initiation. These characteristics were chosen based on possible consequences for the following: interpretation of guideline recommendations (VL and CD4 T cell count); because of a change in the Dutch guidelines and possible consequence for preferred antiretroviral drug (year of delivery and HAART regimen); as a proxy for socio-economic status in absence of more suitable data (maternal region of birth); and as a proxy for possible changes in protease inhibitor (PI) pharmacokinetics in absence of the actual plasma concentrations (gestational age at start of HAART). Significant characteristics *(P*\<0.10) were then selected and used in a multivariable Cox proportional hazards model to examine possible independent predictors of a longer time to viral suppression. Differences with *P*\<0.05 were regarded as statistically significant. Unless stated otherwise, results are shown as median and corresponding range.

Results {#jve2-sec-0009}
=======

There were 227 pregnancies in the ATHENA database that matched our inclusion criteria. Maternal- and pregnancy-related baseline characteristics are shown in Table [1](#jve2-tbl-0001){ref-type="table"}. For newly diagnosed HIV-infected mothers median gestational age at time of diagnosis was 16.3 weeks (range 1.3--37.1 weeks). A regimen including nelfinavir was initiated in 144 pregnancies (63.4%), boosted lopinavir in 55 (24.2%) and nevirapine in 26 (11.5%) pregnancies. One patient (0.4%) started both nevirapine and nelfinavir and one other patient, nevirapine and lopinavir. A backbone consisting of two nucleos(t)ide reverse-transcriptase inhibitors was used in all patients. Baseline VL was measured at a median of 25 days before the start of HAART (0--163 days). The median number of measurements during pregnancy was 4 (1--10) and the median time between any two consecutive VL samples was 28 days (1--160 days). Overall, in 200 out of 227 pregnancies (88.1%) an undetectable VL was reached during pregnancy. The percentage of women per subgroup reaching viral suppression during pregnancy is reported in Table [2](#jve2-tbl-0002){ref-type="table"}. The median time to the first undetectable VL after initiation of treatment was 60 days (12--168 days). The mean time to achieving an undetectable VL for different subgroups is shown in Table [3](#jve2-tbl-0003){ref-type="table"}. The median last plasma HIV RNA concentration in the women with a detectable VL prior to delivery was 151 copies/mL (52--48,800 copies/mL), with a median duration of treatment before delivery of 81 days (6--210 days).

###### 

Baseline and treatment characteristics

  ------------------------------------------ ------------------------------
  **Maternal region of birth**               
  Sub-Saharan Africa                         136(60.4%)
  Asia                                       12(5.3%)
  Europe/USA                                 31(13.7%)
  Latin America                              38(16.7%)
  Other                                      10(4.4%)
  **Newly diagnosed HIV during pregnancy**   176(77.5%)
  **Year of delivery**                       
  1998--2004                                 118(52.0%)
  2005--2009                                 90(39.6%)
  ≥2010                                      19(8.4%)
  **Maternal age at delivery**               29 years(17--43)
  **Gestational age at delivery**            40 weeks(25--46)
  \<30 weeks                                 3(1.3%)
  30--36 weeks                               19(8.4%)
  37--42 weeks                               200(88.1%)
  \>42 weeks                                 5(2.2%)
  **Baseline CD4 cell count**                346 cells/mm^3^ (50--1180)
  \<200                                      46(20.3%)
  200--350                                   66(29.1%)
  \>350                                      104(45.8%)
  **Baseline viral load**                    4.2 log copies/mL (1.8--5.9)
  \<10,000                                   83(36.6%)
  10,000--100,000                            110(48.5%)
  \>100,000                                  17(7.5%)
  **Gestational age at initiation HAART**    22 weeks(8--38)
  \<10 weeks                                 3(1.3%)
  10--19 weeks                               57(25.1%)
  20--29 weeks                               141(62.1%)
  ≥30 weeks                                  26(11.5%)
  **Antiretroviral regimen**                 
  Lopinavir/ritonavir                        56(24.7%)
  Nelfinavir                                 145(63.9%)
  Nevirapine                                 28(12.3%)
  ------------------------------------------ ------------------------------

Reported as number of pregnancies(proportion of cohort) or as median (range)

###### 

Baseline HIV-1 viral load and the number of patients that reached an undetectable viral load during pregnancy

                                             Mean log~10~ baseline VL                      VL \<50copies/mL during pregnancy
  ------------------------------------------ --------------------------------------------- -----------------------------------
  **Maternal region of birth**                                                             
  Sub-Saharan Africa                         4.1                                           117(86.0%)
  Asia                                       4.4                                           11(91.7%)
  Europe/USA                                 3.7[\*](#jve2-fn-0002){ref-type="table-fn"}   30(96.8%)
  Latin America                              4.1                                           35(92.1%)
  Other                                      4.3                                           7(70.0%)
  **HIV diagnosis**                                                                        
  Known before pregnancy                     4.1                                           47(92.2%)
  New during pregnancy                       4.1                                           153(86.9%)
  **Year of delivery**                                                                     
  1998--2004                                 4.0                                           104(88.1%)
  2005--2009                                 4.1                                           81(90.0%)
  ≥2010                                      4.2                                           15(78.9%)
  **Gestational age at initiation HAART**                                                  
  \>20 weeks                                 4.0[\*](#jve2-fn-0002){ref-type="table-fn"}   140(85.9%)
  ≤20 weeks                                  4.3                                           60(93.8%)
  **HAART regimen**                                                                        
  Lopinavir/r                                4.1                                           46(83.6%)
  Nelfinavir                                 4.1                                           133(92.4%)
  Nevirapine                                 4.3                                           21(80.8%)
  **Baseline CD4 cell count(cells/mm^3^)**                                                 
  \>350                                      3.8[\*](#jve2-fn-0002){ref-type="table-fn"}   92(88.5%)
  ≤350                                       4.4                                           100(89.3%)
  **Baseline viral load(copies/mL)**                                                       
  ≥10,000                                    4.6                                           108(85.0%)
  \<10,000                                   3.4[\*](#jve2-fn-0002){ref-type="table-fn"}   79(95.2%)

*P*≤0.01

HAART: highly active antiretroviral therapy

###### 

Multivariate analysis of the time to undetectable HIV-1 viral load in women achieving an undetectable viral load before delivery

                                             *n*   Days to VL \<50 (95% CI)   Univariate analysis HR (95% CI)                            Multivariate analysis HR (95% CI)
  ------------------------------------------ ----- -------------------------- ---------------------------------------------------------- -----------------------------------------------------------
  **Overall**                                200   64(60--68)                                                                            
  **Maternal region of birth**                                                                                                           
  Sub-Saharan Africa                         117   61(56--66)                 1.00                                                       1.00
  Asia                                       11    81(62--100)                0.77(0.42--1.44)                                           0.97(0.50--1.90)
  Europe/USA                                 30    56(49--63)                 1.72(1.14--2.60)[\*](#jve2-fn-3002){ref-type="table-fn"}   1.03(0.64--1.66)
  Latin America                              35    72(63--81)                 0.99(0.68--1.45)                                           0.83(0.56--1.25)
  Other                                      7     72(44--99)                 0.55(0.26--1.18)                                           0.54(0.24--1.21)
  **Year of delivery**                                                                                                                   
  1998 --2004                                104   61(56--66)                 1.00                                                       1.00
  2005 --2009                                81    65(59--72)                 0.82(0.61--1.10)                                           0.82(0.61--1.10)
  ≥2010                                      15    74(59--89)                 0.68(0.39--1.17)                                           0.68(0.39--1.17)
  **Gestational age at initiation HAART**                                                                                                
  \>20 weeks                                 60    58(54--62)                 1.00                                                       1.00
  ≤20 weeks                                  140   77(68--85)                 1.74(1.26--2.40)[\*](#jve2-fn-3002){ref-type="table-fn"}   1.41(0.97--2.04)
  **Baseline CD4 cell count(cells/mm^3^)**                                                                                               
  ≤350                                       100   71(65--76)                 1.00                                                       1.00
  \>350                                      92    57(51--62)                 1.52(1.14--2.02)[\*](#jve2-fn-3002){ref-type="table-fn"}   1.02(0.72--1.44)
  **Baseline viral load(copies/mL)**                                                                                                     
  ≥10,000                                    108   75(70--81)                 1.00                                                       1.00
  \<10,000                                   79    49(44--53)                 3.55(2.58--4.87)[\*](#jve2-fn-3002){ref-type="table-fn"}   3.29(2.27--4.78)[^†^](#jve2-fn-4002){ref-type="table-fn"}
  **Antiretroviral regimen**                                                                                                             
  Lopinavir/r                                46    69(58--79)                 1.00                                                       1.00
  Nelfinavir                                 133   61(57--66)                 1.65(1.16--2.34)[\*](#jve2-fn-3002){ref-type="table-fn"}   1.22(0.82--1.82)
  Nevirapine                                 21    67(55--80)                 1.27(0.75--2.16)                                           1.18(0.67--2.10)

*P*≤0.10;

*P*≤0.01

Women with viral loads of \<10,000 HIV-1 copies/mL and a CD4 T cell count \>350 cells/mm^3^, having treatment with nelfinavir and a gestational age of \>20 weeks at initiation of HAART showed a significantly shorter time to a VL of \<50 copies/mL in univariate analysis. Kaplan--Meier plots for these characteristics are shown in Figure [1](#jve2-fig-0001){ref-type="fig"}. A comparison of the mean log~10~ VL before HAART initiation in different categories is shown in Table [2](#jve2-tbl-0002){ref-type="table"}. The VL was significantly higher in pregnancies when HAART was started before 20 weeks compared to initiation after 20 weeks of gestation, and in pregnancies with a baseline CD4 T cell count of ≤350 cells/mm^3^ compared to \>350 cells/mm^3^. The median gestational age at start of HAART was 22.2 (12.0--38.1) and 22.0 (7.9--31.0) weeks for newly diagnosed and previously known HIV-infected mothers, respectively (*P*=0.21). A multivariable Cox proportional hazards analysis using the above mentioned variables showed an independent association only of baseline VL \<10,000 copies/mL with a shorter time to viral suppression (Table [3](#jve2-tbl-0003){ref-type="table"}).

![Kaplan--Meier plots for time to undetectable HIV-1 viral load](jve-3-34-g001){#jve2-fig-0001}

Discussion {#jve2-sec-0010}
==========

Our retrospective analysis has shown that a baseline VL \<10,000 copies/mL in pregnant women initiating HAART is associated with a shorter time to reach undetectable plasma HIV RNA. This is in line with research in other HIV-infected populations showing that the time to viral suppression is dependent on the baseline VL [@jve2-bib-0005]. This finding is particularly relevant for pregnant women as these data support the consideration of postponing treatment until 20 weeks' gestation in selected patients, without jeopardising the goal of achieving viral suppression before delivery. In high-income countries the proportion of women who ultimately achieve full viral suppression is generally high, [@jve2-bib-0010] but pregnant women and their physicians are generally concerned about the possible teratogenicity and side effects of antiretroviral drugs. Antiretroviral therapy has been associated with adverse pregnancy outcomes such as small-for-gestation-age, preterm delivery [@jve2-bib-0016], low birth weight [@jve2-bib-0018], pre-eclampsia [@jve2-bib-0019] and impaired glucose tolerance or gestational diabetes [@jve2-bib-0021]. Furthermore, hyperemesis gravidarum in the first trimester may pose a risk for insufficient drug exposure and development of resistance. For these reasons, identification of characteristics associated with the time to viral suppression can play a role in the decision making regarding the timing of ART initiation during pregnancy, resulting in a potential shortening of fetal exposure to the antiretroviral drugs. This decision should be weighed against the risk of vertical transmission of HIV and discussed with the patient. Current DHHS guidelines advocate HAART initiation as soon as the HIV diagnosis has been made because early and sustained maternal viral control might lower residual perinatal virus transmission, but also acknowledge that transmission usually occurs late in pregnancy or during delivery [@jve2-bib-0005]. These guidelines do indicate that the decision to start HAART can be delayed in the presence of specific maternal conditions like nausea and vomiting and guided by the CD4 cell count and HIV RNA levels. However, no guidance is given for a cut-off VL value [@jve2-bib-0005]. In our cohort, women with a baseline VL \<10,000 copies/mL had a mean time to viral suppression of 7 weeks, with a maximum of 14 weeks; women with a baseline VL ≥10,000 copies/mL had a mean time to undetectable VL of 11 weeks, with a maximum of 24 weeks. Based on our cohort data, postponing HAART initiation can be considered up to 20 weeks' gestation for women with a baseline VL \<10,000 copies/mL, even when the higher risk of preterm delivery is taken into account. Of course, treatment should be started earlier if there is a maternal indication for ART or if there are other issues that might compromise treatment efficacy, such as relevant pre-existing viral mutations or potential therapy non-adherence. However, owing to close medical follow-up by both physicians and specialist nurses, we believe adherence to be generally high in this specific patient population. Our results are in line with those of the London HIV Perinatal Research Group, which has shown the need for HAART initiation before 20 weeks of gestation if baseline VL \>10,000 HIV-1 copies/mL in order to maximise the chance of full viral suppression at delivery, while in women with a VL \<10,000 copies/mL no significant increase in the proportion of detectable VL at the time of delivery was seen as long as therapy was started before 26 weeks of gestation [@jve2-bib-0008].

A notable finding in our univariate analysis was the association of HAART initiation before 20 weeks' gestation with a longer time to viral suppression. However, the mean baseline VL was significantly higher in this early starting group, reflecting a clinical decision of initiating HAART earlier in patients with high viraemia. As expected, the association between early HAART initiation and time to viral suppression did not remain significant in multivariate analysis. The same pattern was observed for patients with a baseline CD4 T cell count \<350 cells/mm^3^. There are conflicting reports in the literature on the association of baseline CD4 T cell count and the rate of viral suppression [@jve2-bib-0008]. However, one can generally conclude that lower CD4 T cell counts (\<350 cells/mm^3^) should prompt the start of ART during pregnancy regardless of the VL level.

When HIV is diagnosed late in pregnancy, a rapid plasma HIV RNA decline is warranted and antiretroviral agents that achieve a faster viral decay should be favoured over less potent ones. Read *et al*. found boosted PI regimens to be more successful in reaching an undetectable VL at the time of delivery in comparison to non-nucleoside reverse transcriptase inhibitors (NNRTIs) [@jve2-bib-0008]. This is in contrast to the results from the European Collaborative Study, where no difference was seen at the time of delivery, but did show that women treated with nevirapine achieved viral suppression faster than women treated with a PI [@jve2-bib-0023]. A possible explanation for this difference is the use of unboosted PIs in some participants in the latter study, as well as use of a less stringent HIV RNA quantification limit of 400 copies/mL. Katz *et al*. did not find a significant impact of the type of HAART on the VL at delivery [@jve2-bib-0012]. In our cohort, we also did not find a significant difference in the time to an undetectable VL between patients treated with boosted lopinavir, nelfinavir or nevirapine. The number of women treated with nevirapine was small, which may have influenced this outcome. Another potential type of treatment includes integrase inhibitors, which can induce a rapid VL decline, although the experience with these drugs in pregnancy is not yet extensive. There is some experience that shows that integrase inhibitors might be an option when HIV is diagnosed late in pregnancy and that the fast VL drop may outweigh the risks to the fetus, especially since exposure will be short and organogenesis has already occurred. However, the possibility of adverse effects during pregnancy, the risk for teratogenicity and fetal toxicity when started early in pregnancy remain issues [@jve2-bib-0005].

Because of the retrospective study design and small cohort size there are a number of limitations to this study. We did not have any objective data on adherence, socio-economic status, antiretroviral drug resistance and other possible confounders, which may influence the results of our Cox model. It is also important to note that the frequency of VL testing varied between patients, which may bias results in terms of the difference in the time to viral suppression between groups. A limitation regarding the generalisability of this study results from the fact that the majority of women were treated with nelfinavir, which is no longer widely used. Most of the remaining patients were treated with ritonavir-boosted lopinavir, which has been replaced by ritonavir-boosted atazanavir and darunavir in recent years as the preferred PI for use in pregnant women. However, because our main finding was the association with baseline VL to the time of undetectable VL we believe that our results are still informative. Furthermore, our opinion is that most PIs may have a similar effect on the viral decay rate, as supported by the absence of a difference in to the time of undetectable VL between nelfinavir and lopinavir/ritonavir in our cohort, as well as the comparable viral decay rate found by Alagaratnam *et al*. for atazanavir/ritonavir and lopinavir/ritonavir [@jve2-bib-0026].

Conclusions {#jve2-sec-0011}
===========

Our analysis has shown that a baseline VL of \<10,000 HIV-1 copies/mL is associated with a shorter time to viral suppression after initiation of a non-integrase inhibitor-containing HAART regimen during pregnancy. This suggests that in patients with HIV RNA \<10,000 copies/mL, postponing ART initiation until the twentieth week of pregnancy can be considered, thus minimising the risk of potential drug-related teratogenicity and toxicity. In pregnant patients with a baseline VL ≥10,000 copies/mL, our data support the recommendation by the current DHHS guidelines that HAART should be initiated as early as possible to achieve optimal HIV suppression of HIV at the time of delivery.

The ATHENA database is maintained by Stichting HIV Monitoring and supported by a grant from the Dutch Ministry of Health, Welfare and Sport through the Centre for Infectious Disease Control of the National Institute for Public Health and the Environment.

 {#jve2-sec-0012}

Clinical centres {#jve2-sec-0013}
----------------

\*Denotes site coordinating physician.

Academic Medical Centre of the University of Amsterdam: *HIV treating physicians:*JM Prins\*, TW Kuijpers, HJ Scherpbier, JTM van der Meer, FWMN Wit, MH Godfried, P Reiss, T van der Poll, FJB Nellen, SE Geerlings, M van Vugt, D Pajkrt, JC Bos, WJ Wiersinga, M van der Valk, A Goorhuis, JW Hovius. *HIV nurse consultants:*J van Eden, A Henderiks, AMH van Hes, M Mutschelknauss, HE Nobel, FJJ Pijnappel. *HIV clinical virologists/chemists:*S Jurriaans, NKT Back, HL Zaaijer, B Berkhout, MTE Cornelissen, CJ Schinkel, XV Thomas. Admiraal De RuyterZiekenhuis, Goes: *HIV treating physicians:*M van den Berge, A Stegeman. *HIV nurse consultants:*S Baas, L Hage de Looff. *HIV clinical virologists/chemists:*D Versteeg. Catharina Ziekenhuis, Eindhoven: *HIV treating physicians:*MJH Pronk\*, HSM Ammerlaan. *HIV nurse consultants:* ES de Munnik, E van Beek. *HIV clinical virologists/chemists:*AR Jansz, J Tjhie, MCA Wegdam, B Deiman, V Scharnhorst. Emma Kinderziekenhuis: *HIV nurse consultants:* A van der Plas, AM Weijsenfeld. Erasmus MC, Rotterdam: *HIV treating physicians:*ME van der Ende\*, TEMS de Vries-Sluijs, ECM. van Gorp, CAM Schurink, JL Nouwen, A Verbon, BJA. Rijnders, HI Bax, M van der Feltz. *HIV nurse consultants:*N Bassant, JEA van Beek, M Vriesde, LM van Zonneveld. *Data collection:*A de Oude-Lubbers, HJ van den Berg-Cameron, FB Bruinsma-Broekman, J de Groot, M de Zeeuw- de Man. *HIV clinical virologists/chemists:* CAB Boucher, MPG Koopmans, JJA van Kampen, SD Pas. Erasmus MC--Sophia, Rotterdam:*HIV treating physicians:*GJA Driessen, AM.C van Rossum. *HIV nurse consultants:*L van der Knaap, E Visser. Flevoziekenhuis, Almere: *HIV treating physicians:*J Branger\*, A Rijkeboer-Mes. *HIV nurse consultant and data collection:*CJHM Duijf-van de Ven. HagaZiekenhuis, Den Haag: *HIV treating physicians:*E.F. Schippers\*, C. van Nieuwkoop. *HIV nurse consultants:*JM van IJperen, J Geilings. *Data collection:*G. van der Hut. *HIV clinical virologist/chemist:*P.F.H. Franck. HIV Focus Centrum (DC Klinieken): *HIV treating physicians:*A van Eeden\*. *HIV nurse consultants:*W Brokking, M Groot, LJM Elsenburg. *HIV clinical virologists/chemists:*M Damen, IS Kwa.Isala, Zwolle:*HIV treating physicians:*PHP Groeneveld\*, JW Bouwhuis. *HIV nurse consultants:*JF van den Berg, AGW van Hulzen. *Data collection:*GL van der Bliek, PCJ Bor. *HIV clinical virologists/chemists:*P Bloembergen, MJHM Wolfhagen, GJHM Ruijs. Leids Universitair Medisch Centrum, Leiden:*HIV treating physicians:*FP Kroon\*, MGJ de Boer, MP Bauer, H Jolink, AM Vollaard. *HIV nurse consultants:*W Dorama, N van Holten. *HIV clinical virologists/chemists:*ECJ Claas, E Wessels. MaasstadZiekenhuis, Rotterdam:*HIV treating physicians:*J.G. den Hollander\*, K Pogany, A. Roukens. *HIV nurse consultants:*M. Kastelijns, J.V. Smit, E Smit, D. Struik-Kalkman, C Tearno. *Data collection:*M. Bezemer, T van Niekerk. *HIV clinical virologists/chemists:*O Pontesilli. Maastricht UMC+, Maastricht: *HIV treating physicians:*SH Lowe\*, AML Oude Lashof, D. Posthouwer. *HIV nurse consultants:*R.P. Ackens, J. Schippers, R. Vergoossen. *Data collection:*B. Weijenberg-Maes. *HIV clinical virologists/chemists:* IHM van Loo, TRA Havenith. MCH-Bronovo, Den Haag: *HIV treating physicians:*EMS Leyten\*, LBS Gelinck. *HIV nurse consultants:*A van Hartingsveld, C Meerkerk, GS Wildenbeest. *HIV clinical virologists/chemists:*JAEM Mutsaers, CL Jansen. MC Slotervaart, Amsterdam:*HIV treating physicians:*JW Mulder, SME Vrouenraets, FN Lauw. *HIV nurse consultants:*MC van Broekhuizen, H Paap, DJ Vlasblom.*HIV clinical virologists/chemists:*PHM Smits. MC Zuiderzee, Lelystad: *HIV treating physicians:*S Weijer\*, R El Moussaoui. *HIV nurse consultant:*AS Bosma. Medisch Centrum Leeuwarden, Leeuwarden:*HIV treating physicians:*MGAvanVonderen\*, DPF van Houte, LM Kampschreur. *HIV nurse consultants:*K. Dijkstra, S. Faber. *HIV clinical virologists/chemists:*J Weel. Medisch Spectrum Twente, Enschede:*HIV treating physicians:*GJ Kootstra\*, CE Delsing. *HIV nurse consultants:*M van der Burg-van de Plas, H Heins. *Data collection:* E. Lucas. NoordwestZiekenhuisgroep, Alkmaar: *HIV treating physicians:*W Kortmann\*, G van Twillert\*, JWT Cohen Stuart, BMW Diederen. *HIV nurse consultant and data collection:*D Pronk, FA van Truijen-Oud.*HIV clinical virologists/chemists:* W A van der Reijden, R Jansen. OLVG, Amsterdam:*HIV treating physicians:*K Brinkman\*, GEL van den Berk, WL Blok, PHJ Frissen, KD Lettinga, WEM Schouten, J Veenstra. *HIV nurse consultants:*CJ Brouwer, GF Geerders, K Hoeksema, MJ Kleene, IB van der Meché, M Spelbrink, H Sulman, AJM Toonen, S Wijnands. *HIV clinical virologists:*M Damen, D Kwa. *Data collection:* E Witte. Radboudumc, Nijmegen: *HIV treating physicians:*R van Crevel\*,PP Koopmans, M Keuter, AJAM van der Ven, HJM ter Hofstede, ASM Dofferhoff. *HIV nurse consultants:*M Albers, MEW Bosch, KJT Grintjes-Huisman, BJ Zomer. *HIV clinical virologists/chemists:*FF Stelma, J Rahamat-Langendoen. *HIV clinical pharmacology consultant:*D Burger. Rijnstate, Arnhem: *HIV treating physicians:*C Richter\*, EH Gisolf, RJ Hassing. *HIV nurse consultants:*G terBeest, PHM van Bentum, N Langebeek. *HIV clinical virologists/chemists:*R Tiemessen, CMA Swanink. Spaarne Gasthuis, Haarlem:*HIV treating physicians:*SFL van Lelyveld\*, R Soetekouw. *HIV nurse consultants:*N Hulshoff, LMM van der Prijt, J van der Swaluw. *Data collection:*N Bermon. *HIV clinical virologists/chemists:*WA van der Reijden, R Jansen, BL Herpers, D.Veenendaal. Medisch Centrum Jan van Goyen, Amsterdam:*HIV treating physicians:*DWM Verhagen. *HIV nurse consultants:*M van Wijk. St Elisabeth Ziekenhuis, Tilburg:*HIV treating physicians:*MEE van Kasteren\*, AE Brouwer. *HIV nurse consultants and data collection:*BAFM de Kruijf-van de Wiel, M Kuipers, RMWJ Santegoets, B. van der Ven. *HIV clinical virologists/chemists:*JH Marcelis, AGM Buiting, PJ Kabel. UniversitairMedisch Centrum Groningen, Groningen: *HIV treating physicians:*WFW Bierman\*, H Scholvinck, KR Wilting, Y Stienstra. *HIV nurse consultants:*H de Groot-de Jonge, PA van der Meulen, DA de Weerd, J Ludwig-Roukema. *HIV clinical virologists/chemists:*HGM Niesters, A Riezebos-Brilman, CC van Leer-Buter, M Knoester. UniversitairMedisch Centrum Utrecht, Utrecht: *HIV treating physicians:*AIM Hoepelman\*, T Mudrikova, PM Ellerbroek, JJ Oosterheert, JE Arends, RE Barth, MWM Wassenberg, EM Schadd. *HIV nurse consultants:*DHM van Elst-Laurijssen, EEB van Oers-Hazelzet, S Vervoort, *Data collection:*M van Berkel. *HIV clinical virologists/chemists:*R Schuurman, F Verduyn-Lunel, AMJ Wensing. VUmc, Amsterdam:*HIV treating physicians:*EJG. Peters\*, MA van Agtmael, M Bomers, J de Vocht. *HIV nurse consultants:*M Heitmuller, LM Laan. *HIV clinical virologists/chemists:*AM Pettersson, CMJE Vandenbroucke-Grauls, C. Ang. Wilhelmina Kinderziekenhuis, UMCU, Utrecht:*HIV treating physicians:*SPM Geelen, TFW Wolfs, LJ Bont. *HIV nurse consultants:*N Nauta.
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Declaration of interests {#jve2-sec-0016}
========================

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article. The authors received no financial support for the research, authorship and/or publication of this article.
